Knowledge about the microbial communities in composting has advanced, but definitive 13 knowledge concerning the application of actinomycetal communities in garden waste 14 composting is still lacking. In this study, we compared the effects of amending compost with 15 mixed agent M1 (five high-degradability strains) and other agents on the physicochemical 16 indices and microbial community succession. The results showed that Pile A (only applying 17 M1), exhibited a pH closer to neutral, the complete degradation of organic matter, and the 18 highest remaining levels of nitrogen, phosphorus, and potassium. The seed germination rate, 19 root length, and seed germination index values were significantly higher in piles amended 20 with M1 and/or commercially available agents than in piles without exogenous microbial 21 agents. Analyzing the microbial communities, these treatments were dominated by 22 Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes during composting. The amount 23 of Streptomyces was negatively correlated with the carbon/nitrogen ratio and positively 24 correlated with total phosphorus and total potassium. Adding M1 increased microbial 25 diversity, and the dominant microbial communities at the end of composting were similar to 26 those found in the commercial microbial inoculum. Overall, agent M1 can shorten the 27 composting process and increase the extent of degradation. This research provides additional 28 insights into the potential function of Actinomycetes in compost ecology. 29 30 31 thermophilic cellulose-degrading bacteria 32 33 34 35 36 37 38 39 40 41 42 43 45 Waste management is one of the main issues affecting all developing nations [1]. In 46 China, with the acceleration of urbanization, the amount of green area coverage is increasing, 47 but tons of organic solid waste are produced with no means for effective decomposition, 48 representing added stress to the environment [2]. The main components of garden waste, 49 lignin and cellulose, are recalcitrant to degradation, leaving only landfilling and direct 50 burning as traditional disposal methods. Traditional landfilling and incineration methods not 51 only use land resources, but also cause other problems, such as dust particle production, soil 52 and groundwater contamination, pathogenic bacteria growth, and air pollution [3]. To lessen 53 the effects of garden waste disposal on the environment and mitigate environmental pollution, 54 biological composting employs microbial action in waste piles to transform organic solid 55 waste into stable humus and organic fertilizer. Biological composting can directly transform 56 large amounts of organic waste for compost production; however, the unreliability of the 57 quantity and biodegradability of the indigenous functional microbial community in compost 58 often leads to low composting efficiency and undesirable compost quality [4]. 59 Many studies have shown that inoculation with exogenous microorganisms is an 60 effective method for the biodegradation of organic matter and accelerates the composting 61 process [5-6]. Through contrast tests, Gong [7] studied the effects of thermophilic bacteria on 62 sludge composting, which increased rate of temperature rise and effectively enhanced the 63 degradation of organic matter. Meanwhile, Bonito et al [8] reported that fungi were associated 64 with composting of organic municipal waste. In addition, Amira et al [9] showed that the 65 application of fungi to compost resulted in higher xylanase and cellulase activity, 66 consequently leading to the rapid degradation of cellulose and hemicellulose. However, many 67 studies have not assessed the amendment of compost with actinomycetal communities, which 68 are abundant in environments rich in lignocellulose and have essential roles in nutrient 69 recycling. During composting, Actinomycete amendment might alter microbial communities 70 to subsequently alter lignocellulose degradation. Wang et al. [10] found that Actinomycetes 71 account for 18-86% of the bacterial community, which peaked during the compost maturation 72 phase. Furthermore, exogenously added agents degrade cellulose through the synergistic 73 actions of a series of enzymes, promoting the degradation of organic matter, shortening the 74 composting cycle, and accelerating compost maturation [11-13]. High-throughput sequencing 75 is the most effective technique for detecting microbial diversity, and has been widely applied 76 in composting analyses. 77 Understanding such microbial interactions and dynamics could reveal the mechanisms 78 driving material transformation and the overall process of compost maturation. Most studies 79
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dichromate oxidation and Kjeldahl methods, respectively. The total phosphorus (TP) content 140 was analyzed colorimetrically following the ammonium molybdate method. Total potassium 141 (TK) was determined using the flame photometer method. The germination assay was 142 assessed with the seed germination rate (SGR), root length (RL), and seed germination index 143 (GI) of the cabbage, as described previously [17] . GI was calculated as follows: GI (%) = 144 (mean number of germinated seeds in the treatment × mean RL in the treatment × 100%) / 145 (mean number of germinated seeds in water × mean RL in water).
146
Microbial diversity analysis 147 DNA was extracted from compost samples using the FastDNA® Spin Kit for Soil (MP 148 Biomedicals, Illkirch, France) following the manufacturer's instructions. The concentration 149 and purity of the extracted DNA were examined with a Nanodrop® ND-1000 150 spectrophotometer and agarose gel electrophoresis. The 16S rRNA genes of V4 hypervariable 151 regions in the qualified samples were amplified using the special primer set 515F 152 (5-GTGCCAGCMGCCGCGG-3) and 907R (5-CCGTCAATTCMTTTRAGTTT-3). PCR 153 products were quantified and mixed in equal concentrations with a TBS-380 fluorescence 154 meter (Turner Biosystems) and sequenced on an MiSeq PE300 (Illumina, San Diego, CA, 155 USA). All raw Illumina MiSeq sequencing data is deposited in the NCBI Sequence Read 156 Archive database (accession number SRP113350). The paired-end sequences were optimized 157 using Trimmomatic and FLASH and classified into operational taxonomic units (OTUs) 158 according to biological information at a 97% identity threshold, so that almost all OTUs could 159 represent the true sequences. Rarefaction curves and Shannon and Chao indices were 160 determined by RDP classifier (confidence threshold = 0.7) in QIIME [18] . Fast UniFrac was 161 used to integrate related samples into single analyses. According to the bray-curtis method to 162 perfom NMDS analysis using Vegan [19] . 
168
The ambient temperature variation throughout the composting period was between 17°C and 169 26°C. The evolution of temperature in the compost piles was divided into three periods: 170 mesophilic period, thermophilic period, and cooling period. An increase in compost pile 171 temperature was observed soon after composting started, and the high temperature stage (> 172 50°C) of groups A, B, C, and CK began on days 3, 4, 5, and 6, respectively. In pile A, a fast 173 increase in temperature was observed, reaching a maximum temperature of 72°C, and the 174 thermophilic phase (> 60°C) lasted for 14 days, after which the temperature decreased rapidly 175 to reach the cooling period (day 24). In piles B and C, gradual increases in temperature were observed; they reached the thermophilic phase with maximum temperatures of 66°C and 64°C, 177 respectively, on day 18. CK exhibited a significantly lower maximum temperature and 178 thermophilic phase (> 50°C).
179
pH changes in compost 180 pH affects not only microbial metabolic activities, but also mineral redox reactions. The 181 variations in pH are shown in Fig. 1(b) . The four groups exhibited similar trends, with an 182 increase to the peak on day 19 followed by a gradual decline. The initial pH in pile A was 183 within the optimal composting pH range (7.0-8.0).
184
Total nitrogen, total phosphate, and total potassium 185 Composting is a complex process involving the fixation and release of nitrogen, 186 phosphorus, and potassium, which directly affects compost quality. As composting 187 progressed, TN, TP, and TK showed gradually decreasing trends ( Fig. 1c-1e ). There were no 188 clear differences in the trends among the four treatments, although pile A (containing M1) 189 exhibited higher levels at all sampling time points. Compared with the effect of commercial 190 microbial agents, higher increases in TN (18.26%), TP (11.54%), and TK (7.89%) contents 191 were observed in group A at the final composting period, greatly exceeding the other 192 treatments. These results showed that agent M1 was conducive to reducing nutritional 193 element, in particular nitrogen. The SGR, RL, and GI values were markedly higher in the piles amended with M1 or 208 commercially available agents than in the unamended piles ( in the pile amended with a mixture of M1 and commercial microbial agents (pile C) were 212 lower than those of A and B, but higher than CK. The 20 samples in this study contained 923,793 sequences and were sorted into 15,118 219 OTUs. The coverage rate of all samples was over 99%, indicating that the sequencing results 220 were true representations of the microorganisms in the samples (Table 3) . As delineated in Table 3 . Bacterial richness and diversity indices at 97% similarity level in the four groups.
230
In order to know the influence of different treatments, non-metric multidimensional 231 scaling (NMDS) was used to examine the variety of microbial community composition. The
232
NMDS plots of the compost samples ( Fig. 2 ) showed that the changes in compost bacterial 233 community compositions were significantly related to NMDS1 and NMDS2, suggesting that 234 treatments could be categorized based on two important factors that affected the microbial 235 community structure. At the end of composting (i.e., late thermophilic and cooling periods), 236 comparing A with B, the compost microbial community composition and structure in A4 and 237 A5 were more similar to those in B4 and B5 than the other treatments, respectively. The Firmicutes, Actinobacteria, and Bacteroidetes as the dominant phyla. Proteobacteria was the 240 most abundant phylum in the four groups, and the trends of Proteobacteria in groups A and C 241 initially decreased and then increased slightly, whereas B exhibited the opposite trend and CK 242 declined continuously. Firmicutes was the next most abundance phylum, which first increased 243 and then decreased in groups A and C, and increased in CK during the thermophilic period.
244
The abundance of Firmicutes reached a peak during the early thermophilic period in group A 245 (31% of total bacteria) during the mesophilic period in group B (80%), after which the 246 abundance gradually declined. Overall, their abundance remained high during the 247 thermophilic period. Meanwhile, in all four groups Actinobacteria showed the same 248 consistently increasing trend. Fig. 4 shows the total abundances of the five strains in the four groups. In group B, the 255 amount of the five strains decreased during the thermophilic period, in group C, the amount of 256 the five strains in the three stages was relatively low, however, in group A, the abundance of 257 the five strains during the thermophilic period was much greater than in the other treatment 258 groups, ultimately reaching a maximum during the cooling period. The abundance of these 259 strains in all periods was much higher than that in natural compost. Composting is a biotransformation process under the action of microbe. It is an 277 environmental and economical way for treating garden wastes. While, applying the poor 278 biodegradability of microbial community will lead to low composting efficiency [7, 15] . In 279 order to fasten compost maturation process and improve the quality of compost, adding 280 exogenous microorganisms is an effective way. The application of bacteria and fungi were an 281 effectively way which has been proved by many studies [47] . However, few studies have 282 assessed the effect of actinomycetal communities on the composting which peaked during the 283 compost maturation phase. In this study, we applied five high-degradability Actinomycete 284 strains into the composting as additional microbial source for composting of garden waste. The contents of TN, TP, and TK increased in all four groups (Fig. 1(c, d, e) ), possibly 306 due to the mineralization of organic matter and dry mass reduction [27] . The carbon/nitrogen 307 (C/N) ratio is used extensively to evaluate compost maturity [28] [29] . As composting progressed, the C/N ratio showed a gradually decreasing trend for the initial three weeks and considering the top 20 genera. Redundancy analysis showed that different factors limited the 396 members of the microbial community in different stages at the genus level, and that the 397 ecological habitat had a significant effect on bacterial abundance. Interestingly, Streptomyces, 398 as found in M1, was negatively correlated with C/N and positively correlated with TP and TK.
399
For example, the abundance of the five strains reached a maximum, along with TN and TP, 400 during the cooling period, when the C/N ratio was low. These results directly showed that 401 adding agent M1 significantly improved garden waste composting and altered the 402 physicochemical parameters to induce shifts in actinomycetal communities.
403
The results of this study showed that the combination of five strains (M1) improved the 404 degradation of organic matter and enhanced the composting speed. The total abundances of 405 the five strains in group B decreased during the thermophilic period, probably due to the 406 death of some genera by high temperatures. Meanwhile, in group C, which combined M1 407 with the commercial microbial inoculum, the amount of the five strains in the three stages 408 was relatively low, possibly due to resource competition between M1 and the commercial 409 microbial inoculum. We speculated that M1 activity began at the beginning of the mesophilic 410 period, and degraded cellulose during the thermophilic period, which influenced the microbial 411 community structure, and subsequently the characteristics, of the pile [55] [56] .
412

Conclusions
413
From a macroscopic perspective, compared with the commercial microbial inoculum 414 (treatment B), agent M1 not only resulted in more complete organic matter degradation and 415 enhanced composting speed, but also increased the fertility of the resulting compost. From a 416 microscopic perspective, the structure of the microbial communities in the groups with M1 417 and the commercial microbial inoculum were similar, indicating that M1 adjusted the overall 418 microbial community structure and maintained the microbial richness and diversity in the 419 compost. Therefore, application of agent M1 to compost can accelerate the composting 420 process and shorten the composting period.
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